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240.988218 
BALANCER FOR ORBITAL ABRADING MACHINE 

BACKGROUND OF THE INVENTION 

Orbital abrading machines are well-known and generally 
comprise a portable, manually manipulatable housing, a 
motor supported by the housing and having or being coupled 
to a drive shaft driven for rotation about a first axis, 
and an assembly for mounting a pad for abrading a work 
surface for orbital movement about the first axis. In a 
random orbital abrading machine, the assembly serves to 
additionally mount the pad for free rotational movement 
about a second axis, which is disposed parallel to the 
first axis. 

The assembly typically includes a head portion coupled 
for driven rotation with the drive shaft about the first 
axis and defining a mounting recess having an axis arranged 
coincident with the second axis, a bearing supported within 
the mounting recess, and means for connecting the pad to 
the bearing for rotation about the second axis. 

Orbital machines by nature are subject to dynamic 
unbalance and require the inclusion of a counterbalance 
system to reduce vibration to an acceptance level. The 
typical design approach has been to account only for the 
unbalance, which is created by the mass centers of the pad 
and portions of the assembly not disposed concentric to the 
first axis, by the addition of balancing masses to the 
housing. This approach can create a machine that is 
balanced, that is, has acceptably low vibration levels, 



while the machine is running at free speed in an unloaded 
condition. However, once the machine is loaded, as a 
result of placing the pad in abrading engagement with a 
work surface, additional forces are introduced and the 
machine becomes unbalanced and this unbalance is detected 
by the operator in the form of vibration. This is 
undesirable and in severe cases, may lead to vibration 
induced injuries such as carpal tunnel syndrome and white 
finger. 

The counterbalance system referred to above, which may 
be used in the design of both orbital and random orbital 
machines, is described for example in Chapter 12 of 
Mechanisms and Dynamics of Machinery, Third Edition, by 
Hamilton H. Mabie and Fred W . Ocvirk, published by John 
Wiley & Sons. 

Another approach is that adopted for the Atlas Copco 
Turbo Grinder GTG40, which uses an SKF Nova AB auto- 
balancing unit to reduce vibration under various loading 
conditions. This unit features the use of a plurality of 
ball bearings, which are arranged within an annular raceway 
and free to move therewithin as required to reducing 
vibrations . 

SUMMARY OF THE INVENTION 

It is known that both orbital and random orbital 
abrading machines, which include for example, sanding, 
grinding and buffing machines, that have been balanced to 
minimize vibration under no load operating conditions, may 
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be subjected to unacceptable levels of vibration under 
actual working conditions. 

The present invention relates to an improved, orbital 
abrading machine, and more particularly to an improved 
random orbital buffer, which may be counterbalanced in such 
a manner as to minimize vibrations under actual working 
conditions . 

The present invention is based on the realization that 
known balancing techniques, which may be employed to 
achieve proper balancing under unloaded conditions, do not 
take into consideration forces at work, during actual 
working conditions, which oftentimes result in a properly 
balanced machine becoming unbalanced to an unacceptable 
degree during use. More particularly, the present 
invention is directed towards a counterbalancing system 
adapt to minimize vibration of a orbital abrading machine 
under determined operating conditions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The nature and mode of operation of the present 
invention will now be more fully described in the following 
detailed description taken with the accompanying drawings 
wherein: 

Fig. 1 is an exploded prospective view of a random 
orbital abrading machine embodying the present invention; 

Fig. 2 is a balance sketch illustrating a known mode 
of counterbalancing an orbital abrading machine having two 
mass centers arranged in an offset relationship relative to 
an axis of rotation or first axis; 



4 

Fig. 3 is a balance sketch illustrating the present 
mode of counterbalancing an orbital abrading machine having 
mass centers arranged in the same manner as that shown in 
Fig. 2; 

Fig. 4a is an end view of a head portion of an 
assembly employed to couple an abrasive pad to a drive 
motor of an orbital abrading machine , which is provided 
with a pair of masses arranged in accordance with a known 
counterbalancing system; 

Fig. 4b is a sectional view taken along the line A-A 
in Fig. 4a; 

Fig. 5a is an end view of a head portion of an 
assembly employed to couple an abrasive pad to a drive 
motor of an orbital abrading machine, which is provided 
with a pair or masses arranged in accordance with the 
present invention to minimize vibration of the machine 
under intended working conditions; and 

Fig. 5b is a sectional view taken along the line A-A 
in Fig. 5a. 

DETAILED DESCRIPTION 

Reference is first made to Fig. 1, wherein an 
orbital abrading machine is generally designated as 10 and 
shown as generally including a manually manipulated housing 
12, a motor 14 mounted within the housing and including or 
being suitably coupled to a drive shaft 16 driven for 
rotation about a first axis 18, and an assembly 20 which 
serves to connect an abrasive pad 22 to drive shaft 16 such 
that the pad is caused to orbit about the first axis. 



Preferably machine 10 is in the form of a random 
orbital machine in which abrasive pad 22 is supported by 
assembly 2 0 for free rotational movement about a second 
axis 24, which is disposed parallel to and orbits about 
first axis 18. Housing 12 may be fitted with a manually 
manipulatable hu^drie- 2 6 and motor may be a pneumatically 
driven motor connected to a suitable supply of air under 
pressure . 

Assembly 20 may be similar to that described in 
commonly assigned U.S. Patent 4,854,085 in that it 
generally includes a head portion 30 mechanically coupled 
to or formed integrally with drive shaft 16 and formed with 
a generally cylindrical mounting recess, which is 
designated as 32 only in Figs. 4b and 5b. This mounting 
recess has an axis disposed coincident with second axis 24 
and is sized to mount a bearing 34 therewithin. Bearing 34 
serves in turn to support means for connecting pad 22 to 
bearing 34, such as may be defined by a mounting shaft 36, 
which is disposed for rotation concentrically of axis 24 
and formed with an axially extending threaded mounting 
opening, not shown, for removably receiving an abrasive pad 
mounting fastener 38. Also shown in Fig. 1 are known seal 
and seal mounting devices 40 for use in preventing the 
ingress of undesired materials upwardly into bearing 34 and 
an annular shroud 42 adapted to be mounted on housing 12 to 
extend peripherally of pad 22. 

A machine having an element, such as pad 22, driven 
for movement about an orbital path of travel is by nature 
unbalanced and tends to produce vibrations, which may be 
felt by the hands of an operator of the machine. With a 
view towards maintaining such vibrations at acceptable 



levels, it has been common practice to employ a 
counterbalance system of the type described in Chapter 12 
of Mechanisms and Dynamics of Machinery, Third Edition, by 
Hamilton H. Mabie and Fred W. Ocvirk, published by John 
Wiley and Sons, which is incorporated by reference herein. 

To facilitate understanding of this prior system and its 
use in counterbalancing of a sample orbital machine, 
reference is made to the balance sketch illustrated in Fig. 
2 and TABULATION I set forth below: 
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It will be understood that bii is a first mass 
defined by pad 22, bearing 34, mounting shaft 36, mounting 
fastener 38, and sear andlseal mounting devices 40; m 2 is 
a second mass defined by • housing 30'; ri and r 2 are the 
radial distances of the centers of masses m 1 and m 2 from 
the first rotational axis 18; and z 1 and z 2 are the 
distances of transverse planes in which masses m x and m 2 
are disposed from a selected parallel reference plane 
disposed normal to axis 18, such as may be conveniently 
defined by a working surface of pad 22 to be presented for 
abrading engagement with a work surface, not shown. For 
the case of the sample orbital machine, the center of the 
pad working surface is located at point 50 shown in Fig. 2, 
and the centers of masses m x and m 2 are assumed to lie in 
approximate alignment with second axis 24, such that the 
angle 9 for each mass can be assumed to be essentially 0°. 



The sample orbital machine may be balanced by adding 
two or more balancing masses, as for instance m A and m B , 
whose centers lie at suitable radial distances r A and r B 
from first axis 18 and within selected planes disposed 

parallel and spaced through distances za and zb from the 
above reference plane. The number of balancing masses and 
their relative positions may be varied depending on 
installation requirements and choice of the designer of the 
machine . The requirement for obtaining a balanced machine 
is that masses m A and m B be sized and arranged such that the 

sum of the values of the columns (mrb) cos 9, (mrb) sin 9, 

(mra) cos 9 and (mra) sin 9 for mi, m 2 and m A and m B 
appearing in the Balancing Table of TABULATION I be equal 
to zero. As the values of these columns progressively 
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increase from zero, vibration caused by unbalance 
progressively increases. 

In the solution shown in the Solution Summary of 
TABULATION I and illustrated in Fig. 4a, the centers of 

masses m A and m B are arranged at 18 0° and 0° degrees 
relative to axis 18, and these masses are symmetrical 
relative to a plane 60 in which parallel axes 18 and 24 are 
disposed. 

An orbital or random orbital machine once balanced 
in accordance with the above-referenced prior practice, 
will remain in balance regardless of the rotation speed of 
the drive shaft, so long as pad 22 is permitted to rotate 
under unloaded conditions. However, as soon as pad 22 is 
loaded, as by being placed in abrading engagement with a 
work surface, the original balance is lost and an operator 
is exposed to varying degrees of vibration depending on the 
working conditions under which the orbital machine is used. 

With certain orbital machines, such as sanders, the 
degree of unbalance, and thus vibration experienced by an 
operator under typical working conditions, is normally 
found to be within acceptable limits. However, for other 
orbital machines, such as for example, buffers, the degree 
of unbalance is typically found to be greater and may reach 
a level at which prolonged use of the machine may cause 
serious vibration induced injury to an operator. 

The present invention seeks to provide an orbital or 
random orbital machine, which is adapted to be balanced 
while exposed to predetermined working conditions under 
which the machine is intended for use, so as to minimize 
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vibrations to which an operator is exposed, while actually 
using the machine for performing a given type of abrading 
operation. 

In attempting to solve the problem of an 
unacceptably high vibration level experienced with the use 
of a random orbital buffer intended for use in the 
finishing of painted vehicle surfaces, it was realized that 
the above-described prior balancing technique for orbital 
machines did not take into account working loads, such as 
drag caused by bearing engagement of the abrading or 
buffing pad with the painted surface, and that is was 
necessary to consider the angular velocity of masses ir^, 
m 2 , m A and m B in order to determine the values and positions 
required to be assumed by balancing masses m A and m B in 
order to achieve balance under actual working conditions.. 

To facilitate understanding of the present 
invention, reference is made to the balance sketch of Fig. 
3 and TABULATIONS II and III set forth below: 
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It will be understood that in order to facilitate 
comparison, masses mi and m 2 are shown in Fig. 3 and set 
forth in TABULATIONS II and III as being identical to those 
of Fig. 2 and TABULATION I, and that the location of the 
balancing masses m A a and m B x are disposed in the same planes 
in which balancing masses m A and m B are disposed. 

The balance sketch of Fig. 3 and TABULATION II 
differ from Fig. 2 and TABULATION I in that they take into 
consideration torque applied to pad 22 in opposition to the 
driven rotation of assembly 20 and pad 22 about axis 18 
under a predetermined working condition and the angular 
velocity of masses mi, m 2 , m A x and ms 1 , which was determined 
to be 5000 rpm for the sample machine under such 
predetermined working conditions. As a result, the sizes 
and angular orientations of masses mA 1 and me 1 relative to 
axial plane 60 required to balance the sample machine under 
a predetermined working condition differs from the size and 
orientation of masses m A and m B previously determined to be 
required to balance such machine while in an unloaded 
condition. The drag force causing the torque under the 
predetermined working condition of the sample machine was 
determined to be 63 Newtons . The drag force lies within 
the previously-mentioned reference plane, that is, the 
surface of pad 22 disposed in abrading engagement with the 
work surface, and passes through the center of pad 22 
tangent to the orbital path of such center about axis 18. 

TABULATION III differs from TABULATION II in that 
drag is omitted in order to illustrate how the sample 
machine, once balanced by masses mA 1 and iris 1 sized and 
arranged, as shown in Fig. 3, becomes unbalanced when 
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subject to an unloaded rotational velocity determined to be 
10,000 rpm. 

The drag force acting on pad 22 under a 
predetermined working condition may be determined by first 
operating the orbital machine under load, in order to 
establish the amount of force required to be applied by an 
operator normal to the pad in order that a desired work 
surface finishing result is best achieved, and then 
measuring the rotational speed of pad 22 under such working 
condition. Thereafter such predetermined working condition 
may be repeated, for instance, by employing a pad subject 
to noticeable deflection under a given amount of operator 
applied force, and by using a feedback of the vibration 
level characteristic of a balanced machine under the 
predetermined working condition to train an operator to 
apply a relatively constant normal force to the pad. 

The measured rotational speed is then used to read 
the torque corresponding to such speed from a torque vs. 
speed curve for the sample machine. The torque read from 
the torque vs. speed curve is then divided by the radial 
distance between axes 18 and 24 to obtain a value for drag 
force. Having both the value of the drag force and the 
previously measured angular velocity, the size and 
locations of balancing masses iV and me 1 may be calculated. 

It will be noted that the resultant positions of balancing 
masses eia 1 and niB 1 are not symmetrical relative to plane 60, 
as best shown in Fig. 5a. 

As indicated above, the working condition at which 
a desired surface finish is obtained will determine the 
manner in which the sample machine is balanced, and once 
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balanced, it will become unbalanced when run in an unloaded 
condition or when, for instance, it is used to perform a 
different type of abrading operation characterized for 
example as involving a different coefficient of friction 
between the pad and the work surface being abraded. 

It is anticipated that an orbital machine may be 
designed for a drag force, which is less than that which 
would be anticipated during a predetermined working 
condition, in order to reduce the vibrational level 
occurring in the unloaded condition of the machine, while 
still substantially reducing the vibration level of the 
machine in loaded condition below that, which would have 
occurred incident to balancing thereof at unloaded 
condition without regard to drag. Moreover, it is 
anticipated that an orbital machine, such as an orbital 
sander capable of mounting sand paper in a range of grit 
sizes, may be balanced for a midpoint of a range of 
anticipated operating conditions in order to provide for an 
overall reduction in vibration throughout the range of 
anticipated use of such sander compared to that normally 
encountered by balancing same only in its unloaded 
condition. 
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What is claimed is: 

1. An orbital abrading machine comprising: 
a housing; 

a motor supported by said housing and having an 
output driven for rotation about a first axis; 

a pad for use in abrading a work surface; 

coupling means for coupling said pad to said output 
for movement along an orbital path of travel about said 
axis; and 

counterbalance means for dampening vibration of said 
machine while said pad is engaged with said work surface to 
a greater degree than when said pad is not engaged with 
said work surface. 

2. A machine according to claim 1, wherein said pad 
is supported for rotation about a second axis disposed 
parallel to said first axis and arranged for movement along 
said orbital path. 

3. A machine according to claim 1, wherein said 
coupling means includes an assembly having a head portion 
driven for rotation about said first axis and defining a 
mounting recess having a second axis; bearing means 
supported within said mounting recess; and connecting means 
for connecting said pad to said bearing means for rotation 
about said second axis; and said counterbalance means is 
operable to substantially counterbalance said pad, said 
bearing means, said connecting means and any portion of 
said head portion not concentric to said first axis and 
substantially counterbalance a drag force acting on said 
pad when engaged with said work surface. 

4. A machine according to claim 3, wherein said 
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counterbalance means includes at least first and second 
masses carried by said head portion to project radially of 
said -s econd axis. 

5. A machine according to claim 4, wherein said 
first and second axes lie within a plane and said first and 
second masses are not bisected by said plane. 

6. A random orbital abrading machine comprising: 
a manually manipulatable housing; 

a motor supported by said housing and having an 
output driven for rotation about a first axis; 

a pad for use in abrading a work surface; and 
an assembly for coupling said output to said pad for 
application to said work surface and mounting said pad for 
free rotational movement about a second axis adapted to 
orbit about said first axis, and said assembly includes 
counterbalance means for substantially counterbalancing 
said pad and portions of said assembly not disposed 
concentric to said first axis and for substantially 
counterbalancing a drag force acting on said pad only when 
engaged with said work surface. 

7. A random orbital buffing machine comprising: 
a housing; 

a motor supported by said housing and coupled to a 
drive shaft driven for rotation about a first axis; 

a pad for use in buffing a work surface; and 
an assembly for coupling said drive shaft to said 
pad for application to said work surface and mounted for 
free rotational movement about a second axis adapted to 
orbit about said first axis, and said assembly includes 
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means for dampening vibration due to a drag force acting on 
said pad when engaged with said work surface. 

8 . An assembly for connecting an abrasive pad to 
drive means of a random orbital abrading machine having a 
first axis of rotation, whereby to support said pad for 
free rotational movement about a second axis of rotation 
disposed parallel to said first axis, as said second axis 
is caused to orbit about said first axis, said assembly 
comprising: 

a head portion adapted for connection with said 
drive means for rotation therewith about said first axis 
and defining a mounting recess; 

bearing means supported within said mounting recess 
and defining said second axis; 

means for connecting said pad to said bearing means 
for rotation about said second axis; and 

counterbalance means for at least substantially 
counterbalancing said pad and portions of said assembly not 
disposed concentrically of said first axis and for at least 
substantially counterbalancing forces to which said pad is 
exposed during use as a result of engaging a work surface. 

9. An assembly according to claim 7, wherein said 
first and second counterbalance means include first and 
second masses carried by said head portion to project in 
generally opposite directions radially of said second axis, 
and said first and second masses being arranged such that 
they are not bisected by said plane. 

10. A portable orbital abrading machine 
comprising: 

a manually manipulatable housing; 
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a motor supported by said housing; 

an orbital assembly coupled to said motor for driven 
rotation about a first axis of rotation and adapted to 
support a work piece engaging abrasive pad for orbital 
movement about first axis; and 

counterbalance means for counterbalancing at least 
a substantial portion of a drag force acting on said pad as 
a result of abrading engagement thereof with said work 
surface during use of said machine under work conditions 
producing a predetermined torque opposing driven rotation 
of said assembly about said axis. 

11. A machine according to claim 10, wherein said 
counterbalance means is carried by said assembly. 

12. A machine according to claim 11, wherein said 
assembly is directly coupled to said motor by a drive shaft 
of said motor. 

13. In a portable random orbital abrasive machine 
having a motor supported within a manually-manipulated 
housing and coupled to an assembly supported for rotation 
about a first rotational axis and adapted to support a work 
surface engaging abrasive pad for free rotation about a 
second rotational axis which is arranged parallel to said 
first axis and orbits thereabout, the improvement 
comprising in combination: 

means for counterbalancing at least a substantial 
portion of a weight of said pad and portions of said 
assembly not disposed concentric to said first rotational 
shaft and for counterbalancing at least a substantial 
portion of a drag force acting on said pad as a result of 
abrading engagement thereof with said work surface during 
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use of said machine under work conditions producing a 
predetermined torque opposing driven rotation of said 
assembly about said first axis. 

14. The improvement according to Claim 13, wherein 
said first and second axes lie within a plane, and said 
counterbalance means includes at least first and second 
masses arranged to project radially of said second axis and 
arranged such that they are not bisected by said plane. 

15. A machine according to claim 13, wherein said 
first and second axes lie within a plane, and said 
counterbalance means includes at least two masses arranged 
non-symmetrical relative to said plane. 

16. In a portable orbital abrasive machine having a 
motor supported by a manually-manipulated housing and 
coupled to an assembly supported for rotation about an axis 
and adapted to support a work surface engaging abrasive pad 
for orbital movement about said axis, the improvement 
comprising in combination: 

means for counterbalancing at least a substantial 
portion of a drag force acting on said pad as a result of 
abrading engagement thereof with said work surface during 
use of said machine under work conditions producing a 
predetermined torque opposing driven orbital movement of 
said pad. 
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ABSTRACT OF THE DISCLOSURE 



A random orbital abrading machine having a housing, 
a drive shaft driven by a housing mounted motor for 
rotation about a first axis of rotation, an assembly for 
connecting a work surface abrading pad or the like to the 
drive shaft, wherein the pad is adapted to undergo free 
rotational movement about a second axis disposed parallel 
to the first axis of rotation, as such pad is caused to 
orbit about such first axis of rotation, characterized in 
that the assembly is designed for dampening vibration due 
to a drag force acting on the pad when engaged with the 
work surface under predetermined working conditions. 
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^temporary basis during each of the pay periods of the fiscal year, and (2) concerns are affiliates of each other when 
either, directly or indirectly, one concern controls or has the power to control the other, or a third party or parties 
□controls or has the power to control both. 

ryl hereby declare that rights under contract or law have been conveyed to and remain with the small business 
[^concern identified above with regard to the above identified invention described in: 

ill §2 the specification filed herewith with title as listed above. 

□ the application identified above. 

□ the patent identified above. 



If the rights held by the above-identified small business concern are not exclusive, each individual, concern or 
organization having rights to the invention is listed on the next page and no rights to the invention are held by any 
person, other than the inventor, who could not qualify as an independent inventor under 37 CFR 1.9(c) or by any 
concern which would not qualify as a small business concern under 37 CFR 1.9(d) or a nonprofit organization under 
37 CFR 1.9(e). 
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Each person, concern or organization to which I have assigned, granted, conveyed, or licensed or am under an 
obligation under contract or law to assign, grant, convey, or license any rights in the invention is listed below: 

S no such person, concern or organization exists. 

□ each such person, concern or organization is listed below. 



FULL NAME 
ADDRESS 

FULL NAME 
ADDRESS 

FULL NAME 
ADDRESS 

full name 
Address 



□ Individual 



□ Small Business Concern 



□ Nonprofit Organization 



□ Individual 



□ Small Business Concern 



□ Nonprofit Organization 



□ Individual 



□ Small Business Concern 



□ Nonprofit Organization 



□ Individual 



□ Small Business Concern 



□ Nonprofit Organization 



fi Separate verified statements are required from each named person, concern or organization having rights to the 
g invention averring to their status as small entities. (37 CFR 1 .27) 

4 1 acknowledge the duty to file, in this application or patent, notification of any change in status resulting in loss of 
entitlement to small entity status prior to paying, or at the time of paying, the earliest of the issue fee or any 
;} maintenance fee due after the date on which status as a small entity is no longer appropriate. (37 CFR 1 .28(b)) 

y I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
|| information and belief are believed to be true; and further that these statements were made with the knowledge that 
y willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Q Title 18 of the United States Code, and that such willful false statements may jeopardize the validity of the 
application, any patent issuing thereon, or any patent to which this verified statement is directed. 



NAME OF PERSON SIGNING: 
TITLE OF PERSON SIGNING 
OTHER THAN OWNER: 
ADDRESS OF PERSON SIGNING: 



Craij B Locke 



\ / President 



The Mapie5 
C\<xreY\te My 1403\ 



SIGNATURE: 




DATE: January 25, 1999 
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Docket No. 
240.988218 



Declaration and Power of Attorney For Patent Application 

English Language Declaration 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

- 1 believe I am the original, first and sole inventor (if only one name is listed below) or an original, 
first and joint inventor (if plural names are listed below) of the subject matter which is claimed and for 
which a patent is sought on the invention entitled 

BALANCER FOR ORBITAL ABRADING MACHINE 

the specification of which 

B (check one) 

|1J §3 is attached hereto. 

W □ was filed on as United States Application No. or PCT International 

Tf t Application Number ____ ^ 

*f and was amended on 

(if applicable) 

M I hereby state that I have reviewed and understand the contents of the above identified specification, 
^ including the claims, as amended by any amendment referred to above. 

^ I acknowledge the duty to disclose to the United States Patent and Trademark Office all information 
^ known to me to be material to patentability as defined in Title 37, Code of Federal Regulations, 
Section 1 .56. 

thereby claim foreign priority benefits under Title 35, United States Code, Section 119(a)-(d) or 
Section 365(b) of any foreign application(s) for patent or inventor's certificate, or Section 365(a) of 
any PCT International application which designated at least one country other than the United 
States, listed below and have also identified below, by checking the box, any foreign application for 
patent or inventor's certificate or PCT International application having a filing date before that of the 
application on which priority is claimed. 

Prior Foreign Appiication(s) Priority Not Claimed 



□ 

(Number) (Country) (Day/Month/Year Filed) 

□ 

(Number) (Country) (Day/Month/Year Filed) 

□ 

(Number) (Country) (Day/Month/Year Filed) 
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I hereby claim the benefit under 35 U.S.C. Section 119(e) of any United States provisional 



(Application Serial No.) 


(Filing Date) 


(Application Serial No,) 


* (Filing Date) 


(Application Serial No.) 


(Filing Date) 



I hereby claim the benefit under 35 U. S. C. Section 120 of any United States application(s), or 
Section 365(c) of any PCT International application designating the United States, listed below and, 
insofar as the subject matter of each of the claims of this application is not disclosed in the prior 
United States or PCT International application in the manner provided by the first paragraph of 35 
U.S.C. Section 112, I acknowledge the duty to disclose to the United States Patent and Trademark 
g Office all information known to me to be material to patentability as defined in Title 37, C. F. R., 
\0 Section 1.56 which became available between the filing date of the prior application and the national 
fil or PCT International filing date of this application: 



(Application Serial No.) 


(Filing Date) 


(Status) 






(patented, pending, abandoned) 


(Application Serial No.) 


(Filing Date) 


(Status) 






(patented, pending, abandoned) 


(Application Serial No.) 


(Filing Date) 


(Status) 






(patented, pending, abandoned) 



I* hereby declare that ail statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued 
thereon. 
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POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s) and/or 

agent(s) to prosecute this application and transact all business in the Patent and Trademark Office 

connected therewith, (list name and registration number) 

R Craig Kauffman Reg. No. 20362 

Robert P. Simpson Reg. No. 33034 

George L. Snyder, Jn Reg. No. 37729 

Harold A. Gell, Jr. Reg. No. 25976 



Send Correspondence to: R Craig Kauffman 

Simpson, Simpson & Snyder 
5554 Main Street - Suite 200 
Williamsville, New York 14221 



Direct Telephone Calls to: (name and telephone number) 
R. Craig Kauffman (716) 626-1564 



Full name of sole or first inventor 
Frank D. Lehman 



/ Sol&or first inventor's signature , Date 

Residence 



3658 Wilson-Youngstown Road, Wilson, New York 14172 



Citizenship 
USA 



Post Office Address 
same as above 



Full name of second inventor, if any 



Second inventor's signature Date 



Residence 



Citizenship 



Post Office Address 
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